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(54) [TITLE OF THE INVENTION] PLASMA PROCESSING SYSTEM

(57) [ABSTRACT]

[CONSTITUTION] A plasma processing system using microwaves is

constituted such that a dielectric 9 with a dielectric

constant larger than 1 is provided in the whole or a part of a

cross section perpendicular to the microwave transmitting

direction of a waveguide 5

.

[EFFECT] Since the wavelength of microwaves in the dielectric

becomes l//e r time of the wavelength of microwaves in air, the

microwave transmission section can be made small.

1



[ Claim ( s )

]

[Claim 1] A plasma processing system comprising a plasma

generation device using microwaves, a pressure-reducible

processing chamber, a gas supply device, and an evacuation

device, wherein a dielectric with a dielectric constant larger

than 1 is provided in the whole or a part of a cross section

perpendicular to the microwave transmitting direction of a

waveguide

.

[Claim 2] The plasma processing system according to claim 1,

wherein the dielectric is a liquid or a flowable solid.

[Claim 3] The plasma processing system according to claim 1,

wherein the frequency of microwaves of the plasma generation

device using microwaves is 0.2-1.2 GHz.

[Claim 4] A plasma processing system comprising a plasma

generation device using microwaves, a pressure-reducible

processing chamber, a gas supply device, and an evacuation

device, wherein a dielectric with a dielectric constant larger

than 1 is provided in a waveguide with a cavity of a size

incapable of transmitting microwaves of the frequency used for

plasma generation, thereby enabling transmission of the

microwaves inside the waveguide.

[Claim 5] The plasma processing system according to claim 4,

wherein the dielectric is a liquid or a flowable solid.

[Claim 6] The plasma processing system according to claim 4,

wherein the frequency of microwaves of the plasma generation

device using microwaves is 0.2-1.2 GHz.

[Claim 7] A plasma processing system comprising a plasma

generation device using microwaves of a frequency of 0.2-1.2

GHz, a pressure-reducible processing chamber, a gas supply

device, and an evacuation device, wherein a slot antenna is

provided in a part of a wall surface of a microwave cavity

resonator, and a plasma is generated by microwaves radiated

2



from the slot antenna.

[Claim 8] A plasma processing system comprising a plasma

generation device using microwaves of a frequency of 0.2-1.2

GHz, a pressure-reducible processing chamber, a gas supply

device, and an evacuation device, wherein microwaves of a TE01

mode are introduced into the processing chamber to generate a

plasma

.

[Claim 9] A plasma processing system comprising a plasma

generation device using microwaves of a frequency of 0.2-1.2

GHz, a pressure -reducible processing chamber, a gas supply

device, and an evacuation device, wherein a waveguide or

resonator connected to the processing chamber is connected to

a matching box with a coaxial structure, or a matching box is

connected to a power source for generating microwaves with a

coaxial structure.

[Detailed Description of the Invention]

[0001]

[Field of the Invention] This invention relates to a plasma

processing system, and more particularly to a plasma

processing system suitable for etching, film formation or the

~

like by use of a plasma for a sample such as a semiconductor

device substrate, etc.

[0002]

[Description of the Prior Art] As described in, for example,

Japanese Patent Application Laid-Open No. 3-238800, the prior

art plasma processing systems using microwaves of a frequency

lower than the frequency of 2.45 GHz specified as an

industrial frequency were constituted such that microwaves

were introduced into a processing chamber by a hollow

waveguide to generate a plasma.

[0003]

[Problems to be Solved by the Invention] The prior art paid no

3



attention to the points of the wavelength of microwaves

propagating through a waveguide and the size of a cross

section perpendicular to the microwave transmitting direction

of the waveguide. When using microwaves of a frequency lower

than the usually used frequency of 2.45 GHz, the wavelength of

the microwaves propagating inside a waveguide becomes larger

than the wavelength of the microwaves with a frequency of 2.45

GHz. For this reason, there was a problem that the system

became large in the microwave transmitting direction.

Moreover, when microwaves of a frequency lower than the

frequency of 2.45 GHz was used, there was also a problem the

size of a cross section perpendicular to the microwave

transmitting direction of the waveguide became large, as

compared with the case of the waveguide which transmits

microwaves with a frequency of 2.45 GHz.

[0004] An object of this invention is to provide a plasma

processing system which can make the transmission section of

microwaves small

.

[0005]

[Means for Solving the Problem] In order to attain the above-

mentioned object, a dielectric with a dielectric constant

larger than 1 is provided at all or a part of a cross section

perpendicular to the microwave transmitting direction of a

waveguide

.

[0006]

[Function] When the dielectric constant of a dielectric

provided in a waveguide is defined as e r , the wavelength of

microwaves in the dielectric will become l//e r times the

wavelength of the microwaves in air. Therefore, it is

possible to miniaturize the microwave transmission section by

providing a dielectric of c r>l in the waveguide.

[0007]
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[Example] Hereafter, an example of this invention will be

described with reference to Fig. 1. Fig. 1 shows a microwave

dry etching system with a magnetic field which is an example

of this invention. After evacuating the interior of a

processing chamber 1 defined by a container la, a discharge

tube lb and a quartz window 2 with an evacuation device (now

shown) , an etching gas is introduced into the processing

chamber 1 by a gas supply device (not shown)/ and a desired

pressure is attained. In this example, the processing chamber

1 is within a region of a" magnetic field generated by a coil

3. Microwaves of, for example, 0.915 GHz emitted from a

magnetron 4 propagate inside a waveguide 5a, 5b, 5c, pass

through the quartz window 2, and are incident on the

processing chamber 1. A wafer 7 as a processed material laid

on a sample base 6 is etched by the plasma generated by the

microwaves. Moreover, in order to control the etching

configuration of the wafer 7, a high frequency power source 8

is connected to the sample base 6 through a matching box (not

shown) to apply a high frequency voltage.

[0008] In the case of this example, a dielectric 9 comprised

of Teflon of a dielectric constant e r=2.1 is provided in the

waveguide 5c. The wavelength of the microwaves in the

dielectric 9 becomes l//e r=0.69 time the wavelength in the case

where the dielectric 9 is not provided in the waveguide 5c.

For this reason, the size (the length in the microwave

transmitting direction in this case) of the waveguide 5c can

^e^s^ortened ^

by 0.69 times by providing the_ dielectric 9 in

the waveguide 5c. Besides Teflon, a dielectric with a

dielectric constant larger than 1, for example, alumina

ceramics (e r=8.5) or quartz (e r=3.8) may be used as the

dielectric 9. According to this example, by providing the

dielectric with a dielectric constant larger than 1 inside the

5



waveguide, the wavelength of microwaves in the dielectric

becomes l//e r times, thus exhibiting the effect that the

microwave transmission section can be made small to that

degree

.

[0009] A second example of this invention is described

referring to Fig. 2. In this example , a dielectric 9 of

Teflon with a dielectric constant e r larger than 1 is provided

in the waveguide 5a and_5b^ This results in the same effect

as the first example that the microwave transmission section

can be made small . Moreover , it is possible to make small the

cut off frequency of the waveguide by providing the dielectric

9 in the waveguide 5a and 5b. For example, the cut off

frequency fc of microwaves in a TE^ mode in a rectangular

waveguide whose lengths of each side of the cross section of

the waveguide 5a and 5b are a and b is defined as follows.

[0010]

[Equation 1]

fc=l/(2TiVTja){(mi/a)
2 + (rmt/b) 2

}
1 '2 ... Equation 1

[0011] Here, e is a dielectric constant and p is a

permeability. Since e=e 0 *e r when the dielectric constant in

vacuum is defined as e 0 , if a dielectric with a dielectric

constant e r is provided in a waveguide, the cut off frequency

fc will become l//e r times. Therefore, since the cut off

frequency becomes l//e r times by provision of a dielectric

,

there are cases where those microwaves which cannot be

transmitted due to their_freguency smaller than the cut off

frequency in the absence of the dielectric can be transmitted

in the presence of the dielectric , namely , the cross section

of a waveguide can be made small by providing _a jiielectrie

.

In other shapes of waveguides such asC^ciircular waveg^^^
the cross section can also be made small by providing^

a

dielectric as in the case with a rectangular waveguide.
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Moreover, although the above-mentioned example is directed to

the case where a dielectric was provided in all of a cross

section perpendicular to the microwave transmitting direction

of a waveguide, the dielectric may be provided in a part of

the cross section. Furthermore, although a solid dielectric

was used in the above-mentioned example, a non-polarizable

liquid dielectric, for example, silicone oil (e r=2.2) may be

used. For a portion having a moving part such as a 3 stub

tuner or EH tuner, use of a liquid dielectric is convenient.

[0012] A third example of this invention will be described

with reference to Figs. 3 and 4. When using microwaves with a

frequency of 0.2-1.2 GHz, since the wavelength of the

microwaves becomes longer than that when using 2.45 GHz (for

the wavelength in infinite space, in 0.2 GHz, it becomes 22

times, and in 1.2 GHz it becomes 2.04 times), the

miniaturization of the microwave transmission section is

important practically. Moreover, it is difficult to transmit

microwaves of a frequency of 0.2 GHz or less by use of a

waveguide because of a large attenuation, and it is

practically preferable (for attaining uniformity) that the

diameter of the wafer 7 is less than the.diameter of the

discharge tube lb. _ _

[0013] In the case of a circular waveguide, the cut off

frequency fc is defined as follows using the radius of a

waveguide a and the seed of light c.

[0014]

[Equation 2]

fc
=

( unm ,c >/( 2na ) Equation 2

[0015] Here, u^ 1 =1.841 in the case of a TEn mode. When the

diameter of the wafer 7 is 6 inches and the diameter of the

discharge tube lb corresponds to 6 inches or more, those

microwaves which can propagate only in a circular TEn mode

7



need to have a frequency of 1.2 GHz or less. Therefore, it is

desirable to use microwaves with a frequency of 0. 2-1.2 GHz.

[0016] In the case of this example, microwaves with a

frequency of, e.g, 0.915 GHz oscillated from the magnetron 4

propagate inside the waveguide 5a, 5b, and are introduced into

the resonator 9. A slot antenna 10 shown in Fig. 4 is

provided in the bottom surface of the resonator 9 . The

microwaves emitted from the slot antenna 10 passes through the

waveguides 5d and the quartz window 2 and are incident on the

processing chamber 1, so that a plasma is generated. Since

this example has the resonator 9 structure, there is the

effect that the system can be miniaturized in the microwave

transmitting direction. Moreover, since the microwaves are

discharged by the slot antenna 10 in the resonator 9

structure, the microwaves can be supplied stably, so that the

plasma can be generated stably. Furthermore, by using a

resonator for the circular TE 01 mode as the resonator 9, using

the radial slot antenna 10 for the circular TE01 mode as shown

in Fig. 4, and preparing a given distance between the slot

antenna 10 and the quartz window 2, incidence of microwaves in

the circular TE01 mode into the processing chamber 1 can be

carried out, thus enabling generation of a more uniform

plasma. _

1

[0017] A fourth example of this invention will be described by

referring to Fig. 5. In this example, the corner section of

the waveguide 5 which was used to change the transmitting

direction of microwaves in the previous examples is omitted,

and a joint aperture 11 is provided between the resonator 9

and the waveguide 5a such that microwaves are transmitted.

According to this example, since the corner section of the

wav guide 5 can be omitted, there is the effect that further

miniaturization of the system is possible.

8



[0018] A fifth example of this invention will be described by

referring to Fig. 6. In this example, a high frequency

voltage generated by the high frequency power source 12 is

supplied to the resonator 9 through the matching box 13 . The

frequency of 0.5 GHz is used for the high frequency power

source 12, and the connections between the high frequency

power source 12 and the matching box 13 and between the

matching box 13 and the resonator 9 are effected by a coaxial

structure 14 (in the case of this example, a coaxial cable).

Moreover, the high frequency voltage transmitted by the

coaxial structure 14 are coupled with the resonator 9 by the

antenna 15 and is changed into microwaves, which are then

incident into the processing chamber 1. This example has the

effect that the system can further be miniaturized.

[0019] A sixth example of this invention will be described by

referring to Fig. 7. In this example, microwaves generated by

the magnetron 4 are transmitted by the coaxial structure 14

(in the case of this example, a coaxial cable), and are again

converted to microwaves in the resonator 9 with the antenna

15, which are then incident into the processing chamber 1.

This example also has the effect that the system can be

miniaturized.

[0020] Although the above examples are described by referring

to the dry etching systems with a magnetic field, the same

function and effect can be obtained for plasma processing

systems such as other microwave dry etching systems, plasma

CVD systems, and ashing systems.

[0021]

[Effect of the Invention] According to this invention, there

is obtained the effect that plasma processing systems can be

provided which can make the microwave transmission section

small

.
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[Brief Description of the Drawings]

[Fig. 1] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a first example of this invention.

[Fig. 2] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a second example of this invention.

[Fig. 3] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a third example of this invention.

[Fig. 4] is a plan view of the slot antenna of Fig. 3.

[Fig. 5] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a fourth example of this invention.

[Fig. 6] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a fifth example of this invention.

[Fig. 7] is a longitudinal sectional view of a processing

chamber section of a microwave dry etching system with a

magnetic field of a sixth example of this invention.

[Description of Reference Numerals]

1 ... processing chamber, la ... container, lb ... discharge

tube, 2 ... quartz window, 3 ... coil, 4 ... magnetron, 5a,

5b, 5c, 5d ... waveguide, 6 ... sample base, 7 ... wafer, 8

... high frequency power source, 9 ... dielectric, 10 ... slot

antenna, 11 ... joint aperture, 12 ... high frequency power

source, 13 ... matching box, 14 ... coaxial structure, 15

. . .antenna.

10


